Al-Nazhan S. Incidence of four canals in root-canal-treated mandibular first molars in a Saudi Arabian sub-population.
Introduction
In root canal treatment, complete debridement and obturation of the entire root canal system is considered to be the main objective of the therapy. Thus, locating all root canals will allow the clinician to remove successfully all pulp tissue debris during treatment. Regarding the root canal morphology of mandibular first molars, previous in vitro and in vivo reports have indicated that four root canals are not unusual findings in mandibular first molars (Table  1) . The current concept of the morphology of the root canal space of the mandibular first molar is based on the work of Hess (1925) . He duplicated the anatomy of the pulp space by using vulcanite casts, and reported 21 teeth (4%) out of 512 teeth with four root canals.
Although the incidence in different countries of four root canals in the mandibular first molar has been reported in most endodontic textbooks, there is a need to know the incidence among the Saudi Arabian population. Therefore, the purpose of this investigation was to study the prevalence of three roots and four root canal in the permanent mandibular first molars of a Saudi Arabian sub-population.
Materials and methods
A total of 251 root canal treated mandibular first molars of 246 Saudi patients were studied. The teeth were randomly selected. One hundred and sixty-eight were from males and 123 were from females. These patients were treated by dental students and staff at the University of King Saud College of Dentistry in Riyadh, Saudi Arabia. The radiographic films of the working length and obturation at different angles of each tooth were mounted, projected and evaluated. All radiographs were viewed by two examiners. In addition, the clinical records were reviewed and the findings were then tabulated and recorded. Roots with multiple canal systems were categorized according to whether the canals exited the root by a common apical foramen or by separate apical foramina. The examined teeth were free of root resorption, had no canal calcification, open apices, broken instrument and no previous root canal therapy.
Data were analyzed statistically using Student's ttest, by comparing pairs of groups, with the significance level established at 5% (P < 0.05).
Results
Results are summarized in Tables 2 to 5 .
Of the 251 root canal treated mandibular first molar teeth in this study, 57.76% had four root canals and the remaining 42.23% had three root canals ( Table 2 ). The fourth root canal was usually located in the distal root.
All mesial roots had two root canals whilst the distal root had two root canals in 145 (57.76%) of the examined teeth. The two root canals in the mesial and distal roots were mostly confluent in the apical third, ending in one foramen (Tables 3 and 4) .
There was no significant difference between males and females in the distribution of the root canals (P > 0.05).
Most of the teeth had two roots. Fifteen teeth (5.97%) had three roots (Table 5 ).
Discussion
The use of radiographic techniques to study the morphology of the root canal system might appear to have certain disadvantages. The operator can only see the tooth in a two-dimensional image, and conceivably extra root canals can be missed on the radiograph. Unfortunately, radiographs are still the most reliable method in the clinical setting. However, clinical examination (in vivo) remains the only noninvasive method available. Therefore, and by strictly adhering to the radiographic criteria for determining the number of roots and root canals, the findings of this study were in good accordance with the previously reported studies (Griffin et al. 1969 , Vande Voorde et al. 1975 The cases reported in this study were treated by the fourth year dental students and staff. The students were closely observed by experienced endodontics who had an average clinical experience of 10 years. During the clinical course, each step was checked by the staff, and the findings were recorded on a special form.
The prevalence of three-rooted mandibular first molars of Asians has been reported to range from 2.3% in Saudi Arabia (Younes et al. 1990 ) to 22.7% in Japan (Souza-Freitus 1971) . In Hong Kong, Walker (1988) examined 100 mandibular first molars using visual, radiographic and clearing techniques. He found that 15% of the examined teeth were three-rooted. He related that to the canal anatomy of the examined teeth.
Using radiographs of root canal treated mandibular first molar teeth. Zaatar et al. (1997) in Kuwait reported 2.7% (four of 147). Younes et al. (1990) reported a 2.3% incidence of three-rooted extracted mandibular first molars in 385 examined from Saudi Arabian patients. In the present study 15 teeth (5.97%) of 251 mandibular first molars (eight in male patients and seven in female) were found to be three-rooted. The findings of this study indicate a frequency of occurrence that is higher than that reported by Younes et al. (1990) and lower than from other Asiatic reports (Souza-Freitus 1971 , Fabra-Campos 1985 .
It is apparent from the previously reported studies that the findings of this study indicate a higher frequency of occurrence of three-rooted mandibular first molars in the east Asian population than in the West.
Two fine, narrow canals (mesio-buccal and mesiolingual) are usually present in the mesial root. They are discrete entities or possess a multiplicity of anastomoses and corridors connecting the two root canals as they proceed apically. The possiblity of three root canals in the mesial root has been reported (Vertucci & Williams 1974 , Fabra-Campos 1985 , Martinez-Berna & Badanelli 1985 . The distal root generally presents one wide canal that tapers evenly to the apex. A great variance in the number of canals in the distal root has been reported with up to 47.6% having two canals (Fabra-Campos 1985 , Walker 1988 . Few reports have indicated three canals in this root (Reichart & Metah 1981 , Stroner et al. 1984 . Although six root canals are rarely reported in mandibular first molars, four canals are not unusual (Martinez-Berna & Badanelli 1985) . In general, a second distal root canal is the usual anomaly.
A comparison of the findings of this study with previous investigations (Hess 1925 , Griffin et al. 1969 , Skidmore & Bjorndal 1971 , Vande Voorde et al. 1975 , Hartwell & Bellizzi 1982 , Fabra-Campos 1985 , Walker 1988 , Yew & Chan 1993 , Zaatar et al. 1997 reinforces the view that the incidence of four root canals in the Saudi Arabian population appears to be high. Skidmore & Bjorndal (1971) examined extracted mandibular first molar teeth and reported 59.5% of the mesial root and 38.5% of the distal roots had separate apical foramina. In addition, Zaatar et al. (1997) found 43.3% of the mesial root and 16.8% of the distal roots had separate apical foramina. The findings of the present study are higher than that reported by Skidmore & Bjorndal (1971) and Zaatar et al. (1997) .
The differences seen in the present study compared with those listed in Table 1 indicate that there may be genetically determined differences related to racial background. In addition, the presence of four root canals was reported to be more common in root canal treated teeth (Fabra-Campos 1985) than in those which have been studied in vitro (Hess 1925 , Pineda & Kuttler 1972 . Al-Nazhan Root canal morphology Clearly, these findings are important in assisting the dentist to provide adequate treatment. The access opening of the tooth to be treated should be reevaluated to facilitate the search and location of the orifice of a fourth root canal. Thus, clinicians should develop skills necessary to locate, clean and shape the entire root canal system, to effect a predictable and favourable prognosis.
